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(57) ABSTRACT 

A result of formation of an opening in a semiconductor 
substrate can be judged Without cutting a semiconductor 
Wafer and observing a cross-section of the cut Wafer. A 
semiconductor device of this invention includes a semicon 
ductor substrate, a pad electrode formed on the semicon 
ductor substrate, an opening formed in the semiconductor 
substrate to expose the pad electrode, a Wiring layer con 
nected With the pad electrode through the opening and a 
monitoring opening formed in a scribe line to monitor a 
result of the formation of the opening. 

8 Claims, 6 Drawing Sheets 
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SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD THEREOF 

CROSS-REFERENCE OF THE INVENTION 

This invention is based on Japanese Patent Application 
No. 2004-285030, the content of Which is incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a semiconductor device having a 

metal layer formed on a semiconductor substrate, an open 
ing penetrating through the semiconductor substrate to 
expose the metal layer and a Wiring that is connected With 
the metal layer through the opening and its manufacturing 
method. Speci?cally this invention relates to a technology to 
monitor a result of the formation of the opening. 

2. Description of the Related Art 
A CSP (Chip SiZe Package) has received attention in 

recent years as a three-dimensional mounting technology as 
Well as a neW packaging technology. The CSP means a small 
package having about the same outside dimensions as those 
of a semiconductor die packaged in it. 
A BGA (Ball Grid Array) type semiconductor device has 

been knoWn as a kind of CSP. A plurality of ball-shaped 
conductive terminals made of metal such as solder is arrayed 
in a grid pattern on one principal surface of a package of the 
BGA type semiconductor device and is electrically con 
nected With the semiconductor die mounted on the other side 
of the package. When the BGA type semiconductor device 
is mounted on electronic equipment, the semiconductor die 
is electrically connected With an external circuit on a printed 
circuit board by compression bonding of the conductive 
terminals to Wiring patterns on the printed circuit board. 

Such a BGA type semiconductor device has advantages in 
providing a large number of conductive terminals and in 
reducing siZe over other CSP type semiconductor devices 
such as an SOP (Small Outline Package) and a QFP (Quad 
Flat Package), Which have lead pins protruding from their 
sides. The BGA type semiconductor device is used as an 
image sensor chip for a digital camera incorporated into a 
mobile telephone, for example. An example of the BGA type 
semiconductor device includes a supporting member made 
of a glass, for example, attached to one of, or both of 
principal surfaces of the semiconductor die. Further descrip 
tion on the technologies mentioned above is provided in 
Japanese Patent Application Publication No. 2003-309221, 
for example. 

Next, a manufacturing method of the BGA type semicon 
ductor device, that includes the supporting member attached 
to one of the principal surfaces of the semiconductor die, 
Will be described referring to the draWings. 

FIGS. 8 through 10 are cross-sectional vieWs shoWing the 
manufacturing method of the BGA type semiconductor 
device, that is applicable to an image sensor chip, according 
to a conventional art. 

First, a pad electrode 32, that is a metal layer primarily 
composed of aluminum, is formed on a front surface of a 
semiconductor substrate 30 through an insulation layer 31 
made of a silicon oxide ?lm or a silicon nitride ?lm, as 
shoWn in FIG. 8. Then a supporting member 34 made of 
glass, for example, is bonded to the semiconductor substrate 
30 having the pad electrode 32 through an adhesive material 
33 made of an epoxy resin layer. 
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2 
Next, a photoresist layer 35 having an opening at a 

location corresponding to the pad electrode 32 is formed on 
a back surface of the semiconductor substrate 30. Plasma 
etching is performed on the semiconductor substrate 30 With 
etching gas composed of SF6 and 02, for example, using the 
photoresist layer 35 as a mask, and further etching is 
performed on the insulation layer 31 to form an opening 36 
extending from the back surface of the semiconductor 
substrate 30 to the pad electrode 32, as shoWn in FIG. 9. 
An insulation layer 45 made of a silicon oxide ?lm, for 

example, is formed on the back surface of the semiconductor 
substrate 30 including the inside of the opening 36. After the 
insulation layer 45 on the pad electrode 32 is removed, a 
barrier layer 37 is formed on the entire surface, as shoWn in 
FIG. 10. A seed layer 38 for plating is formed on the barrier 
layer 37 and a Wiring layer 39 made of copper (Cu), for 
example, is formed on the seed layer 38 by plating. After a 
protection layer 40 is formed on the Wiring layer 39, 
openings are formed in predetermined locations in the 
protection layer 40 and conductive terminals 41, that make 
contact With the Wiring layer 39, are formed in the openings. 

Then, the semiconductor substrate 30 and the layers 
stacked on it are cut into individual semiconductor dice, 
although not shoWn in the ?gure. A BGA type semiconduc 
tor device, in Which the pad electrode 32 and the conductive 
terminal 41 are electrically connected, is formed as 
described above. 

HoWever, the shape of the opening 36 that is actually 
formed can not be recogniZed after the opening 36 is 
completed as described above, unless the semiconductor 
Wafer is cut and a cross-section of the cut Wafer is observed. 
That is, since the opening 36 is formed from the back surface 
of the opaque semiconductor substrate 30 so as to expose the 
pad electrode formed on the front surface of the semicon 
ductor substrate 30 through the insulation layer 31, it is 
necessary to observe the opening 36 from a transparent 
supporting member 34 side of the semiconductor substrate 
30, When the observation of the opening 36 is to be made 
through a microscope. When observed from the direction of 
the supporting member 34, hoWever, the opening 36 is not 
visible because of the existence of the pad electrode 32 that 
is the metal layer. Therefore, it is not possible to determined 
just by looking at the completed devices if the semiconduc 
tor substrate 30 is completely removed in the opening 36 or 
it is not as indicated by dashed lines in FIG. 11. In addition, 
the opening siZe at the bottom end of the opening 36 may 
become too large because of the over-etching. Also, it is not 
possible to measure an aperture of the opening 36 visually. 

SUMMARY OF THE INVENTION 

The invention provides a semiconductor Wafer ready for 
separation into individual dice. The Wafer includes a semi 
conductor substrate having a ?rst opening, a metal layer 
disposed on a ?rst surface of the semiconductor substrate, a 
Wiring layer disposed on a second surface of the semicon 
ductor substrate and extending into the ?rst opening to be 
electrically connected With the metal layer, and a monitoring 
portion that is a second opening formed in the semiconduc 
tor substrate and con?gured to provide clear vieW into the 
second opening. 
The invention also provides a method of manufacturing a 

semiconductor device. The method includes providing a 
semiconductor substrate, forming a metal layer on a ?rst 
surface of the semiconductor substrate, forming for a second 
surface of the semiconductor substrate a ?rst opening in the 
semiconductor substrate to expose the metal layer, forming 
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a second opening in the semiconductor substrate, forming a 
Wiring layer on the second surface that is connected With the 
metal layer through the ?rst opening, and vieWing the 
second opening from a side of the ?rst surface. 
The invention further provides a semiconductor device 

that includes a semiconductor substrate having a ?rst open 
ing, a metal layer disposed on a ?rst surface of the semi 
conductor substrate, a Wiring layer disposed on a second 
surface of the semiconductor substrate and extending into 
the ?rst opening to be electrically connected With the metal 
layer, and a monitoring portion that is a second opening 
formed in the semiconductor substrate and con?gured to 
provide clear vieW into the second opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW shoWing a manufacturing 
method of a semiconductor device according an embodi 
ment of this invention. 

FIG. 2 is a cross-sectional vieW shoWing the manufactur 
ing method of the semiconductor device according the 
embodiment of this invention. 

FIGS. 3A and 3B are cross-sectional vieWs shoWing the 
manufacturing method of the semiconductor device accord 
ing the embodiment of this invention. 

FIG. 4 is a plan vieW shoWing a monitoring pattern 
according the embodiment of this invention. 

FIG. 5 is a cross-sectional vieW shoWing the manufactur 
ing method of the semiconductor device according the 
embodiment of this invention. 

FIG. 6 is a cross-sectional vieW shoWing the manufactur 
ing method of the semiconductor device according the 
embodiment of this invention. 

FIG. 7 is a cross-sectional vieW shoWing the manufactur 
ing method of the semiconductor device according the 
embodiment of this invention. 

FIG. 8 is a cross-sectional vieW shoWing a manufacturing 
method of a semiconductor device according to a conven 
tional art. 

FIG. 9 is a cross-sectional vieW shoWing the manufactur 
ing method of the semiconductor device according to the 
conventional art. 

FIG. 10 is a cross-sectional vieW shoWing the manufac 
turing method of the semiconductor device according to the 
conventional art. 

FIG. 11 is a cross-sectional vieW of a Work in progress of 
the semiconductor device shoWing a problem With the 
conventional art. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Next, a semiconductor device and its manufacturing 
method according to an embodiment of this invention Will 
be explained, referring to FIGS. 1 through 7. 

First, a pad electrode 3 made of a metal layer primarily 
composed of aluminum is formed on a front surface of a 
semiconductor substrate 1 through an insulation layer 2 
made of a silicon oxide ?lm or a silicon nitride ?lm, as 
shoWn in FIG. 1. Then a supporting member 5 made of a 
glass substrate, for example, is bonded to the front surface 
of the semiconductor substrate 1 having the pad electrode 3 
through an adhesive material 4 made of an epoxy resin layer. 
The silicon Wafer in this embodiment is divided into indi 
vidual silicon dice to form CCD (Charge Coupled Device) 
image sensor chips, for example. Because the CCD in the 
front surface of the silicon die needs to receive external 
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4 
light, the supporting member 5 is required to be made of a 
transparent substrate such as the glass substrate or a semi 
transparent substrate. 
The supporting member 5 may be an opaque substrate 

When the silicon die does not receive or transmit light. 
HoWever, the opaque substrate is not suitable in the case 
Where the opening 36 is observed from the supporting 
member 34 side, as in the conventional art. 

NotWithstanding the above, the opaque substrate may be 
used When a monitoring opening 6b, that Will be described 
later, is observed after forming the monitoring opening 6b 
and removing the supporting member 5. Furthermore, this 
monitoring opening 6b may also be formed in the semicon 
ductor substrate 1 to Which the supporting member 5 is not 
bonded. 

Also, the supporting member 5 is not limited to the glass 
substrate and may be made of a plastic plate or a tape-shaped 
material. 
The pad electrode 3 may be made of a metal other than 

aluminum, such as copper (Cu) or copper alloy. 
Next, a photoresist layer PR that has an opening at a 

location corresponding to the pad electrode 3 is formed on 
a back surface of the semiconductor substrate 1. An opening 
611 is formed in the semiconductor substrate 1 by plasma 
etching the semiconductor substrate 1 using at least SF6 and 
O2 as etching gas and the photoresist layer PR as a mask, as 
shoWn in FIG. 2. 
At the same time, an opening 6b is also formed at a 

location of the semiconductor substrate 1 that corresponds to 
a scribe line, as shoWn in FIG. 3A. The opening 6b corre 
sponds to the monitoring opening of this embodiment (here 
after referred to as the monitoring opening 6b). 
The formation of the monitoring opening 6b can be 

recogniZed by observing the monitoring opening 6b from a 
bottom side of FIG. 3A using an optical microscope. The 
recogniZed proper formation of the monitoring opening 6b 
assures the proper formation of the opening 611 Which is 
formed under the same process conditions as the monitoring 
opening 6b and is not visually recogniZable after the 
completion of the device. 

In this case, visually inspecting the monitoring opening 
6b through the microscope is made possible by not forming 
the metal layer, that makes the pad electrode 3, under the 
monitoring opening 6b. 

Or, a plurality of patterned metal layers 311 may be 
disposed at equal spaces under the monitoring opening 6b, 
as shoWn in FIG. 3B. Measuring an aperture of the moni 
toring opening 6b is made possible by forming a monitoring 
pattern 50 made of the plurality of patterned metal layers 311 
so as to overlap the monitoring opening 6b. For example, in 
this embodiment the monitoring pattern 50 is made of 
rectangular-pattemed metal layers 3a of a Width of 5 pm 
arrayed With a constant spacing of 5 pm. Thus, When four 
patterned metal layers 3a and four of the spacing betWeen 
the patterned metal layers 3a are observed in the monitoring 
opening 6b as shoWn in FIG. 4, the aperture of the moni 
toring opening 3b is 5><8I40 um, approximately. 

Thus, it can be determined Whether the formation of the 
opening 611 is performed correctly or incorrectly, by observ 
ing the monitoring opening 6b. Namely, the visual observa 
tion reveals the incomplete removal of the semiconductor 
portion in the opening 611 or the over-etched opening 36 at 
its bottom end. In addition, With the use of the patterned 
metal layers 3a, it is made possible to measure the aperture 
of the opening 36 after the etching, Without cutting the Wafer 
and observing its cross-section as in the conventional art. 
Although the monitoring opening 6b is formed in the scribe 
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line in the embodiment, it may be formed in an unused space 
in the semiconductor die. In this case, the monitoring pattern 
50 may be disposed at a matching location With the moni 
toring opening 6b. 

Also, the monitoring pattern 50 is not limited to be 
rectangular. Each of various shapes of monitoring patterns 
50 such as circular, cruciform and rhombic in shape may be 
formed in the scribe line or in the semiconductor die. 

The aperture of the monitoring opening 6b is not neces 
sarily equal to the aperture of the opening 6a. The result of 
formation of the opening 611 may be judged by observing the 
result of formation of the monitoring opening 6b having a 
different siZe of aperture from that of the opening 6a. 
Furthermore, the result of formation of the opening 611 may 
be judged by forming and observing a plurality of monitor 
ing openings 6b having various siZes of apertures. Forming 
the plurality of monitoring openings 6b having various siZes 
of apertures enables judging results of formation of various 
patterns of openings 6a in accordance With actual patterning 
in the semiconductor device and improving Workability of 
the observation. 

Then an opening 6, that extends from the back surface of 
the semiconductor substrate 1 to the pad electrode 3, is 
formed by etching the insulation layer 2, as shoWn in FIG. 
5. 

Next, an insulation layer 7 made of a silicon oxide ?lm, 
for example, is formed on the back surface of the semicon 
ductor substrate 1 including the inside of the opening 6. 
After the insulation layer 7 on the pad electrode 3 is 
removed, a barrier layer 8 is formed on the entire surface, as 
shoWn in FIG. 6. The barrier layer 8 is preferably made of 
a titanium nitride (TiN) layer, for example. Or, the barrier 
layer 8 may be made of other refractory metal or its 
compound such as TiW, Ta or TaN, or stacked layers of such 
materials. 
A seed layer 9 (a Cu layer, for example) for plating is 

formed on the barrier layer 8 and a Wiring layer 10 made of 
copper (Cu), for example, is formed on the seed layer 9 by 
plating. 
A protection layer 11 is formed on the Wiring layer 10, 

openings 12 are formed in the protection layer 11 at prede 
termined locations, a nickel (Ni) layer 13 and a gold (Au) 
layer 14 are formed on exposed portions of the Wiring layer 
10 and conductive terminals 15 connected With the Wiring 
layer 10 through the Ni layer 13 and the Au layer 14 are 
formed by screen printing, as shoWn in FIG. 7. The protec 
tion layer 11 is not limited to the photoresist layer and the 
conductive terminals 15 are not limited to the conductive 
terminals 15 made of solder as described in the embodiment. 

After that, the semiconductor substrate 1 and the layers 
stacked on it are cut into individual semiconductor dice, 
although not shoWn in the ?gure. A BGA type semiconduc 
tor device, in Which the pad electrode 3 and the conductive 
terminal 15 are electrically connected, is formed as 
described above. 

In this embodiment, the Wiring layer 10 is made by plating 
as described. HoWever, the Wiring layer 10 may be made by 
a method other than the plating, Without forming the seed 
layer 9, for example. It may be made by sputtering of 
aluminum or aluminum alloy, for example. 

The device of this embodiment includes conductive ter 
minals 15, as described. The structures of the embodiment is 
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6 
applicable to a semiconductor device not having the con 
ductive terminals 15 such as an LGA (Land Grid Array) type 
semiconductor device, as long as the opening 6 penetrating 
through the semiconductor substrate 1 is formed. 
The result of the formation of the opening can be judged 

by observing the result of the formation of the monitoring 
opening in this embodiment, Without cutting the Wafer and 
observing the cross-section of the cut Wafer as in the 
conventional art. 
The result of the formation of the monitoring opening can 

be easily observed by forming the monitoring opening in the 
scribe line and not disposing the metal layer under the 
monitoring opening. 

The aperture of the opening can be easily judged by 
forming the rectangular patters under the monitoring open 
ing that are made of the same layer as the metal layer. 

What is claimed is: 
1. A semiconductor Wafer ready for separation into indi 

vidual dice, the Wafer comprising: 
a semiconductor substrate having a ?rst opening; 
a metal layer disposed on a ?rst surface of the semicon 

ductor substrate; 
a Wiring layer disposed on a second surface of the 

semiconductor substrate and extending into the ?rst 
opening to be electrically connected With the metal 
layer; and 

a monitoring portion that is a second opening formed in 
the semiconductor substrate and con?gured to provide 
clear vieW into the second opening. 

2. The semiconductor Wafer of claim 1, Wherein the 
second opening is disposed in a scribe line for the separation 
into the individual dice. 

3. The semiconductor Wafer of claim 1, Wherein the vieW 
into the second opening is not obscured by a metal compo 
nent. 

4. The semiconductor Wafer of claim 1, further compris 
ing a monitoring pattern disposed so as to be superimposed 
into the vieW, the monitoring pattern being con?gured to be 
used to measure a siZe of the second opening. 

5. The semiconductor Wafer of claim 4, Wherein the 
monitoring pattern comprises a rectangular pattern. 

6. The semiconductor Wafer of claim 4, Wherein the 
monitoring pattern comprises a circular pattern, a cruciform 
pattern or a rhombic pattern. 

7. The semiconductor Wafer of claim 1, further compris 
ing a protection layer covering the Wiring layer and a 
conductive terminal disposed on the Wiring layer through an 
opening formed in the protection layer. 

8. A semiconductor device comprising: 
a semiconductor substrate having a ?rst opening; 
a metal layer disposed on a ?rst surface of the semicon 

ductor substrate; 
a Wiring layer disposed on a second surface of the 

semiconductor substrate and extending into the ?rst 
opening to be electrically connected With the metal 
layer; and 

a monitoring portion that is a second opening formed in 
the simiconductor substrate and con?gured to provide 
clear vieW into the second opening. 

* * * * * 


